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Introduction

facilities are limited and management prac'tices are such that the animals are not frequently observed.
Finally estrous cycle regulation methods
provide potentially useful new experimental
tools.' They can be used to improve the precision and simplify the operational details of
many experiments in reproductive physiology
and nutrition. They poss~bly may provide impetus for a large numlber of new experiments
on ovum collection, storage, and transfer in
domestic animals.
Since Anderson et al., (lll recently presented a thorough review of the pharmacological control of estrous cycles and ovarian
functions, ~ it is felt that the pres ent di s cus sion
might most profitably be confined to the period
since about 1960 when the first experiments on
estrous cycle regulation by feec;iing steroid
hormones to ruminants were conducted. Numerous experiments conducted prior to that time
showed, in general, that effective cycle synchronization could be obtained in cattle, swine,
and sheep (cycling and anestrous) by various
regimens of progesterone, estrogen, and gonadotropin injections. However, the conception
rates reported for animals bred at the synchronized estrus were usually quite low, and none
of the methods tried appeared readily adaptable
to widespread use under field conditions.
In July 1959, at a conference on Physiological
Mechanisms Concerned With Conception he'i
at West Po~nt, N. Y. (Hartman, 10), Pincus presented the results of the studies he and his
associates had carried out on the use of various
orally active steroids as ovulation inhibitors
in rabbits, ¢.ice, and humans. The progesterone
derivatives. were most active in ovulation inhibition, particularly the 17 substituted ones
including the 6-alpha methyl derivative of 17acetoxyprogesterone. The pos sibility that some
of these compounds might be useful as estrous
cycle regulators in farm animals was apparent

Truly effective estrous cycle synchronization techniques are of great potential value to
commercial producers of beef and dairy cattle,
sheep, and swine. Many commercial beef
cattlemen recognize the merits of using outstanding sires through artificial insemination
(AI) to produce greater numbers of faster
gaining cattle having the most desirable carcass characteristics. The relatively high heritability of feedlot gains makes this idea particularly attractive. Nevertheless, progress in
attaining this goal has been rather slow, mainly
because of the practical problems involved in
breeding range cattle artificially and the low
tobception rates frequently obtained. Methods
for cycle regulation compatible with the most
commonly used management practices can play
a major ,role in facilitating the widespread use
of artificial insemination and improved selection techniques in the beef industry.
The major application of estrous cycle regulation techniques in dairy cattle is in heifers
rather than lactating cows. A large percentage
of dairy heifers are presently bred naturally
while on pasture to bulls of questionable or
unknown genetic merit. This is a dubious
practice when one considers that the average
dairy cow in the major dairy States, such as
New York, produces an average of only 3.5
calves in her lifetime. If heifers can be grouped
and their cycles synchronized more of them
are likely to be bred artificially to proven
bulls.,
'
Cycle synchronization of sheep and swine
would result in more uniform lamb and pig
crops and better use could be made of facili:ies and labor. Lambings and farrowings could
be concentrateq in shorter periods of time,
and in the case of swine, the operation of
nultiple farrowing programs would be facili:ated.
Estrous cycle regulation should be particularly useful in underdeveloped areas of the
lVorld where transportation and refrigeration

\
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placed in each group, and all pregnant cows and
those with obvious pyometria were discarded.
A few cows in early pregnancy (30 days or
less) escaped detection; none of these carne in
estrus after treatment and they were excluded
from the results.
Approximately half of the synchronized
cattle from each group were bred artificially
and half naturally. The semen used was collected from seven bulls on the farm and was
diluted with CUE (Foote et al., .1J extender to
approximately 15 million motile spermatozoa
per mI. of extender. Standard AI procedures
were followed. Inseminations were performed
by three different persons.
The natural matings were limited to a single
service, after which the cows were removed to
a different lot. With a few exceptions, none of
the bulls used naturally bred more than two
cows on anyone day.
The control cows were bred ina similar way
during a period lasting from the 7th day of the
hormone feeding period to the 10th day after
the end of the feeding period. Some unavoidable
delay occurred in removing the calves from
this group of cows, so that breeding was started
10 days before the calves were removed.
All cows returning to estrus 17 - 25 days after
the synchronized estrus were rebred, either
artificially or naturally. Some cows that did not
show estrus during the synchronization period
carne in estrus approximately one cycle later
and were bred at that time.
All cows were checked for pregnancy by
rectal palpations approximately 60 days after
the initial breedings and 35-40 days after the
second breedings.
The mature Hereford cows in Experiment 6
were each fed 10 mg. of CAP in approximately
5 lb. of grain for 14 days followed by 6 mg. per
day for 4 days. These cows calved 20-86 days
prior to the beginning ofthe trial and the calves
remained with them during the entire experiment. Eighteen of the 29 cows had been seen in
estrus after calving or had a palpable corpus
luteum at the beginning of the trial. The remainder had smooth ovaries and may not have'
been in estrus after calving. All cows in this
experiment were bred artificially as previously
described.
The details of Experiments 1-6 (see table 3)
conducted with sheep have been discussed elsewhere (Hogue et al., .!l and Brunner et al., ~.
The procedures used in Experiments 7 and 8
were identical to those used in Experiment 6
and described by Brunner et al., @). The exact
treatments used in Experiments 7 and 8 are.
shown in table 3. Lactating ewes were used in
Experiment 8. Both CAP and MAP were fed to
cycling ewes in Experiment 9. The levels fed;
are shown in table 3.
~
The results of experiments with swine out-I
lined in table 4 have not previously been re-J
ported. Experiment 1 was conducted to provide
preliminary data on the effectiveness of another

and reports concerning their use in both nonruminants and ruminants soon appeared. Nellor
(12) reported the successful controlofthetime
of estrus and ovulation in gilts by feeding 6methyl-17 -acetoxyprogesterone, and Hansel
et al., (I) reported successful synqhronization
of cycles in cattle as a result of feeding the
same compound. Similar reports concerning
the use of this compound in sheep were subsequently published (Hogue ~ al., U; Evans
~ al., 1, and Southcott et al., 14).

Expe rimental Methods
This report presents a compilation of the
results of all estrous cycle synchronization
trials with cattle, sheep, and swine conducted
at Cornell since January 1960. Results of many
of these trials have been published previously.
The trials with Holstein heifers summarized
in table 1 have been described elsewhere
(Hansel, L Hansel et al., ~ and Van Blake §l;
a1., 15).
- Thetrials with beef cattle (table 2) have been
previously described (Hansel et a1., 7, 8) with
the exception of Experiments 5" and- 6. In
Experiment 5, 100 crossbred beef cattle located
at Briarcliff Farms, Pine Plains, N. Y., were
as signed to each of the following groups:
Group 1 - Fed 6-methyl-17 -acetoxyprogesterone (MAP) at a level of 240 mg. per head
per day for 18 days. Group 2 - Fed 6chloro- t::. 6_'_ dehydro-17 - acetoxyprogesterone
(CAP) at a level of 10 mg. per head per day for
19 days. Group 3 - Fed CAP at a level of 10
mg. per head per day and thyro-protein at a
level of 9 gm. per head per day for 19 days.
Group 4 - Untreated controls.
The crystalline MAP was dissolved in 150
m1. ethanol and added directly to a liquid
molasses-urea ration and mixed thoroughly.
The CAP, which was supplied as a premix concentrate (l gm. per lb. of alfalfa meal), was
shaken with 1 L of ethanol in a large flask and
the entire contents of the flask were added to
the liquid ration during mixing. The thyroprotein was also added directly to the liquid
ration. The cattle were fed once daily; the
ration was hauled in a tank to the feeding lots
each morning immediately after the hormones
were added and mixing completed. The amount
of the ration fed was so regulated that each lot
consumed all of the ration offered each day.
All cattle had free access to ground corncobs
as a
:>urce of roughage during the feeding
period. The hormone feeding period for the
MAP-fed cattle started June 28, 1963, and one
day later for the other groups. All cows had
calved 50 days or more prior to the beginning
of the feeding period. The calves from groups
1,2, and 3 were removed from the cows 4 days
prior to the beginning of the feeding period. All
cows were palpated per rectum prior to being
2
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withdrawal. In general MAP has produced
slightly better synchronization than CAP; more
of the MAP-treated animals have been in estrus
on days 3 and 4 and fewer on days 5 and 6 after
hormone withdrawal. Perhaps this result might
be expected since CAP is so much more potent
than. MAP in terms of the dose required to
inhibit estrus and ovulation. The minimum effective dose of CAP appears to be approximately 10 mg. per animal per day for animals
weighing up to 1,000 lb.; the comparable dose
for MAP is approximately 200 mg. per animal
per day.
Eighteen-day feeding periods appear to be
satisfactory; in the one trial where the feeding
period was reduced to 14 days (Experiment 5,
table 1) both synchronization and fertility
seemed to suffer. However, it is possible to
reduce the feeding period to 10 days and obtain
satisfactory synchronization if some additional
treatment is included to prevent those animals
in the group that have recently ovulated from
forming a functional corpus luteum. This was
accomplished in Holstein heifers (Experiment
4, table 1) by placing self-retaining catheters
in the uterus of heifers that had recently ovulated at the beginning ofthe feeding period. The
same effect might be achieved by injecting
oxytocin during the "critical" period of days
2-6 of the cycle (Hansel and Wagner, 2.).
.
Individual feeding of the hormones does not
appear to be necessary; the group-fed animals
performed about as we11 as those fed individually. Adequate feeder space was provided in a11
cases. There are no data available a110wing for
direct comparisons of the effects of various
rations on the degree of synchronization attained, but one observation may be pertinent.
The Hereford heifers in Experiment 3 (table 2)
were fed MAP at a level of 0.4 mg. per lb. of
body wt. for 19 days, after which the dose was
lowered to 0.05 mg. per lb. of body wt. for an
additional 5 days. It was expected that these
heifers would come in estrus while being fed
the lowered dose as was the case with Holstein
heifers (Experiment 4, t~ble l). Surprisingly,
13 of the 19 heifers that came in estrus did so
only after the low dose of MAP was withdrawn.
It seems unlikely that the low dose of MAP
alone was sufficient to inhibit estrus in these
heifers. Unlike the animals in other experiments, these heifers were given free access to
fresh-cut green forage (mixed legumes and
grasses), and the possibility that this forage
contained some antiestrogen or antigona·dotropin that delayed the occurrence of estrus
cannot be ignored.
The conception rates of the Holstein heifers
bred at synchronized cycles ranged from 48 to
70 percent and were lower than the controls in
a11 trials except one. These rates may be acceptable in practice, since the relatively high
conception rates obtained at the second posttreatment estrus have usua11y resulted in approximately 90 percent of the heifers being
pregnant after the two breedings. The heifers

progestational derivative 2 in inhibiting estrus
in gilts and to observe the subsequent fertility
of these gilts. Thirty-three Yorkshire and
Yorkshire x Berkshire gilts were divided into
3 groups of 11 each on the basis of inheritance
and weight. Group 1 served as untreated controls; gilts in group 2 were fed the progestin
at the rate of 0.3 mg. per lb. of body wt. per
day and those in group 3 at the rate of 0.5 mg.
per lb. per day. Groups 2 and 3 were fed the
hormone in an amount of a typical swine gestation ration equivalent to 3 lb. per animal per
day in equal a.m. and p.m. portions. All gilts
were checked daily for estrus and were inseminated artificia1ly at the first estrus following treatment with 50 mI. of semen extended
with CUE (Foote ~ al., !) to contain 3 billion
motile sperm. Five gilts from each treated
group and four control gilts were slaughtered
2-4 days after breeding. The number of new
corpora lutea were counted and ova were recovered to determine if fertilization had occurred. The remaining gilts in each lot were
observed for signs of estrus and rebred if
estrus occurred.
Experiments 2 and 3 were conducted to test
the effects of sequential estrogen and progesterone treatments on cycle synchronization
and fertility in gilts. In Experiment 2, 22 Yorkshire gilts were divided according to weight
and ancestry into a treatment and a control
group. The treatment group received 16 mg. of
3-methyl ether of ethynyl estradiol (MEE) in
the feed daily for 9 days followed by 0.6 mg.
of MAP per lb. of body wt. for 9 days. The
hormones were administered in an amount of
a typical swine gestation ration equivalent to
4 lb. per animal per day, fed in equal a.m. and
p.m. portions. A1l animals were checked daily
for estrus and were bred natura1ly at the first
:lay of estrus. Gilts that did not conceive on
first service were rebred at the second post:reatment estrus. All gilts were a1lowed to
complete the gestation period and the numbers
of pigs farrowed were recorded.
Experiment 3 was conducted in 1964 in
~xactly the same way as Experiment 2. Twenty
Yorkshire gilts comprised the treatment group
:tnd 10 served as controls.
Results and Discussion
The results of the trials conducted with dairy
leifers and beef cattle summarized in tables 1
lnd 2 clearly show that both CAP and MAP sup)ress estrus and ovulation during the feeding
leriod and that both effectively synchronize the
~strous
cycles. of treated cattle after
2
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Ipecific information. Mention of trade names does not
:onstitute guarantee or warranty of the product by the U.S.
)epartment of Agriculture or an endorsement of other
,roducts not mentioned.)

3

conception rates of the bulls used ranged from
44 to 76 percent. The diffe~ences irifertilityof
the MAP-fed cows and the other three groups
are therefore confounded with differences in
fertility of the bulls used. The conception rate
for all natural services was 57.7 percent; for
all artificial breedings it was 50.5 percent.
In the final trial (Experiment 6, table 2) the
amount of CAP fed during the last 4 days of the
feeding period was reduced from 10 to 6lng.
per animal, in an attelnpt to ilnprove the synchronization and minimize the endolnetrial
hyperplasia sometimes seen in the uteri of
animals slaughtered 3 days after estrus following oral progestin treatment (Hansel, 1964,
unpublished observations). Although these animals have not yet been checked for pregnancy,
preliminary results based on nonreturns to
estrus are encouraging.
The results obtained with sheep. sumlnarized
in table 3, show that a high degree of control of
the estrous cycle can also be obtained by feeding MAP to cycling ewes. The poor results
obtained in the one trial conducted with CAP
(Expt. 9, table 3) were probably dueto the fad
that the compound was fed at too Iowa level,
since many ewes came in estrus while on
treatment.
The minimum effective level of MAP for
ewes appears to be in the range 50-60 Ing. per
day, and the best fertility was obtained with
treatment periods of 20 days. Reducing the
daily dose to 30 Ing. per day and the feeding
period to 16 days (Expt. 2, table 3) resulted in
less effective synchronization and lower conception rates. Cycling Dorset ewes were well
synchronized when fed MAP in March (Expt. 3,
table 3) and 76 percent of them conceived to
first service.
The conception rates of cycling ewes bred at
synchronized cycles following MAP feeding
have been only slightly lower than conception
rates in control ewes where natural breeding
has been used. There appeared to be some advantage in breeding ewes as soon as they were
found in estrus and again 12 hr. later, provided they would still accept the ram. In some
(but not all) trials conception-rates comparable
to those obtained at natural matings have been
obtained in ewes bred artificially with fresh
semen diluted in physiological saline (Expts. 1
and 2, table 3). Uniformly low conception rates
have been obtained in both control and synchronized ewes bred with extended selnen
stored for 24 hr. There is clearly a very real
need to develop more satisfactory semen extenders and insemination techniques for sheep.
The combined use of MAP and PMS appears
useful in inducing estrus and fertile ovulations
in anestrous ewes (Expts. 4, 5, 6, 7, table 3).
The relatively simple treatment consisting of
750 I.U. pregnant mare serum (PMS) on days
1 and 15 and 60 mg. MAP per day fed on days
7 -14 of the treatment period seems particu_
larly promising. This treatment also proved

returning to estrus after the first service reInained reasonably well synchronized. It is
perhaps noteworthy that the highest conception
rate was obtained in CAP-treated heifers (Experilnent 2. table 1) that were late in cOining
into estrus (days 6-9) after horlnone withdrawal.
The fertility of the beef cattle bred after
synchronization was considerably lower than
in Holstein heifers. However, the fertility of
control groups of beef cattle bred artificially
has also been rather low. Thelarge-scaletrial
(Experilnent 5, table 2)is of particular interest
in this respect since it provides the only dir ect
cOlnparisons available alnong controls and CAP
and MAP fed cattle.
Fourteen of the 400 cattle allotted to the four
groups in this trial were lost to the experilnent
as a result of losing their identification or
escaping froln their assigned lots. Effective
synchronization of cycles was attained in all
three treated lots as Inay be seen in table 2. A
higher percentage of MAP-fed cows were in
estrus on days 3 and 4 than CAP-fed cows. The
anilnals listed as "silent ovulators" include
only those known to have ovulated without being
recorded in estrus. SOlne of the cows listed
as "others not in estrus during the synchronization period" returned to estrus approxiInately 22 days after the synchronization period
and were probably "silent ovulators" or were
in estrus and Inissed during the synchronization period.
SOlne of the animals that did not cOlne in
estrus during the synchronization period were
in noticeably poor condition, or were quite old;
most of these animals (a total of 8 treated and
7 controls) failed to come in estrus during the
entire experimental period.
The conception rates obtained in each group
are shown in table 2. The results are expressed
as percentages of synchronized cows pregnant
after one and two services and the percentage
of all cows in each group pregnant after two
services. The conception rate in the MAP-fed
cows at the synchronized estrus (65.4) was
highest; the conception in the CAP-fed and
CAP-plus-thyroprotein-fed groups was similar to that obtained in the control group. The
addition of thyroprotein to CAP did not appear
to improve either synchronization or fertility.
Twelve of 29 control cows bred during the
period before removal of the calves returned
to estrus at shortened intervals (8-14 days, in
most cases). This response is characteristic
of a failure of the corpus luteum to form and
function in a normal way; it has been produced
experimentally by dilating or irritating the
uterus and by oxytocin injections. Some stress
associated with the calves, or their removal.
may have contributed to this result.
Unfortunately, one of the seven bulls used in
the experiment proved to be somewhat more
fertile than the others and this bull was used
almost exclusively in the MAP-fed group. The
4

administration need to be studied since a large
proportion of the Nation's beef cattle are
managed under conditions that make feeding
the hormones impractical. Subcutaneous and
intramuscular injections of potent progestins
such as CAP and MAP apparently do not result
in good cycle synchronization, although few
reports on this subject are available. Finally,
the possibility of regulating estrous cycles by
antigonadotropins produced in response to
gonadotropins injected as antigens as suggested by the work of Snook and Cole, (13) seems
worthy of further investigation.
At present, our incomplete understanding of
the luteotropic and luteolytic mechanisms in
the various classes of farm animals constitutes
a major deterrent to the development of more
effective cycle regulation techniques. Theoretically, a treatment capable of maintaining
corpora for a period of time (luteotropic)
followed by one that would cause rapid regression of corpora (luteolytic) should result
in a high degree of cycle synchronization.

effective in lactating ewes (Expt. 8, table 3) and
when used in ewes at the very beginning of the
normal breeding season (Expt. 6, table 3).
Lambing rates ofthe synchronized ewes have
not differed significantly from those of the untreated ewes, although the rates have been
slightly higher in the PMS-treated ewes.
As was the case in cattle, the ewes failing to
conceive at the synchronized estrus have returned to estrus after a normal cycle interval,
have remained reasonably well synchronized,
and have had essentially normal conception
rates when bred at this time. A small number
of ewes that returned to estrus and were rebred have lambed to the initial breeding.
Relatively few experiments on cycle regulation in swine have been reported since those
of Nellor, (~~). The high incidence of both
follicular and luteal cysts in gilts following
progestin feeding has been a serious deterrent
to the development of effective cycle synchronization techniques in this species.
The trial with the progestin SC-I0363 (Expt.
1, table 4) illustrates this point. A large proportion' of the gilts fed the compound at the
lower level and a smaller proportion of those
fed it at the higher level developed cystic
follicles.
The finding that exogenous estrogens can
maintain swine corpora (Gardner et ~., ~)
suggested the possibility of synchronizing the
estrous cycles of gilts by feeding an orally
effective estrogen (MEE) for 9 days followed
by an orally effective progestin (MAP) for a
similar period. The results of the first trial
(Expt. 2, table 4) were most encouraging; 9 of
11 gilts were synchronized and 7 of these
farrowed when bred at the synchronized estrus.
A more recent trial (Expt. 3, table 4) involving
the same treatment has given less favorable
results; only 14 of 20 gilts were synchronized
and the synchronization period was long (days
4-10).
Many of these experiments have rather
obvious shortcomings insofar as design and
numbers of animals studied are involved but
they have served several useful purposes in
illustrating the types of compounds likely to
be most useful, the approximate effective dose
levels and feeding periods and methods of administration. Clearly, more carefully designed
experiments invQlving larger numbers of animals are needed to evaluate the fertility of
animals whose cycles have been synchronized
by various methods.
The methods outlined certain1y do not represent the only approaches to estrous cycle regulation, although a casual reader of the current
literature might suppose that they do. Nonsteroidal compounds having antigonadotropic
or antiestrogenic properties are available and
should be tested for this purpose. Many other
steroids, particularly those having maximum
antigonadotropic properties and minimal uterotropic effects need to be tested for their
ability to regulate the cycle. Other routes of

Summary and Conclusions
Estrous cycle regulation studies have been
carried out with 180 ~olstein heifers, 555
Hereford and crossbred beef cattle, 816 cycling
and anestrous ewes of several breeds, and 85
Yorkshire gilts. The results appear to justify
the following conclusions:
(1) The orally active progestins, MAP and
CAP, were both effective inhibitors of estrus
and ovulation in cattle and sheep.
(2) Withdrawal of either compound from the
feed resulted in effective estrous cycle synchronization in cattle and sheep. A high percentage of the treated animals came in estrus
3-6 days after hormone withdrawal.
(3) The minimal effective dose for cattle for
MAP was approximately 200 mg. per animal
per day, and for CAP it was approximately 10
mg. per animal per day. The comparable figure
for MAP for ewes was 50-60 mg. per day.
(4) The optimal length of the hormone feeding period for both sheep and cattle was 18-20
days.
(5) Group feeding of either compound in grain
or liquid rations gave satisfactory results.
(6) The conception rates of groups of Holstein
heifers bred artificially at the first estrus after
feeding MAP and CAP ranged from 48 to 70
percent. These rates were generally below
those obtained in untreated heifers bred artificially under optimal conditions.
(7) Conception rates in both control and
MAP- and CAP-treated beef animals bred
artificially were somewhat lower. In one trial
involving approximately 400 crossbred beef
cows, conception rates to first service of approximately 40 percent were obtained for both
control and CAP-fed cows, and 65 percent for
MAP-fed cows.
(8) Conception rates of cycling ewes bred
naturally at synchronized cycles following

5

MAP feeding were slightly lower than rates
obtained in control ewes.
.
(9) Dairy heifers, beef cattle, and cycling
ewes failing to conceive at the synchronized
eS,trus returned to estrus after normal cycle
intervals and ,apparently normal conception
rates were obtained at the second breedings.
(10) Synchronous estrous cycles and ovulations were induced in anestrous and anestrous
lactating ewes with a combined PMS (750 I. U.
injected on days 1 and 15) and MAP (60 mg.
per day fed on days 7-14) treatment. Conception rates to first service of 57 to 85 percent
were obtained in ewes synchronized in this way.
(11) A sequential treatment involving estrogen (MEE for 9 days) and progestin (MAP for
9 days) resulted in good synchronization and
fertility in one group of gilts, but did not give
good synchronization in a second group.
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Table 1. Results of estrous cycle synchronization trials with orally active progestins in Holstein heifers

Experiment
and date

Aminals used
and treatment ab

No.

No. synchronized

No. of
"silent"
ovulators

~chronized animals
Others not
in estrus
Pregnant
Pregnant
during synto
first
after
two
chronization
service
services
period

( '1»

( '1»

All animals
Pregnant
to first
service

Pregnant
after two
services

( j,)

( '1»

20

-

-

-

-

-

65

80

MAP-O.25-l.0 mg per lb.
on days 14-22 of the
estrous cycle. (preliminary trials)

7

5(2-5)

1

1

-

-

-

-

3. (1961)

MAPc-0.5 mg per lb. for
20 days and 0.05 mg per
lb. for an additional 6
days.

20

18(3-4)e

0

2

55

-

50

-

4. (1961)

MAP-0.4 mg per lb. for
10 days and 0.05 mg per
lb. for an additional
5 daysf.

15

15(3-5)

0

0

60

-

60

-

5. (1962)

MAP-240 mg per heifer for
14 days.

19

18(2-6)

1

0

50

-

47

90

4

2(13)

2

0

0

-

0

-

L (1962)

Untreated

2. (1960)

00

6. (1961)

C~-0.3 mg per lb. for

20 days.
7. (1961)

CAP-O.l mg per lb. for
20 days.

4

4(6-8)

0

0

50

-

50

-

8. (1961)

CAP-0.05 mg per lb. for
15 days.

4

4(5-7)

0

0

100g

-

100

-

9. (1962)

CAP-0.025 mg per lb. for
15 days.
ay

4

4(4-7)

0

0

75 h

-

75

-

TABLE 1. Results of estrous cycle synchronization trials with orally active progestins in Holstein heifers (Continued)

Experiment
and date

..0

Animals used ab
and treatment

No.

No. synchronized

No. of
"silent"
ovulators

Others not
in estrus
during synchronization
period

Synchronized animals
Pregnant
to first
service

All animals

Pregnant
after two
services

Pregnant
after two
services

( ~)

( %)

Pregnant
to first
service

( %)

( %)

10. (1962)

CAP-0.02 mg per lb. for
20 days •.

20

18(4-6)

1

1

53 i

-

50

-

11. (1962)

CAP-12 mg per heifer per
day for 18 days.

25

23(6-9)

0

2

70

95

68

92

12. (1962)

CAP-12 mg per animal per
day. 3 yr. old lactating
cows.

8

7(3-7)

0

1

57

-

50

-

13. (1963)

CAP-10 mg per heifer per
day.

30

27(3-6)

-

3j

63

50

60

Total

Treated
Controls

145

5

160
20

48

10

~ All animals were bred artificially with semen supplied by the New York Artificial Breeders Cooperative.
All animals were individually fed except those in experiments 11 and 13 which were group fed.
~ MAP = 6-methyl-17-acetoxyprogesterone (The Upjohn Co.)
CAP = 6-chloro- a 6 -dehydro-17-acetoxyprogesterone (Eli Lilly and Co.)
~ Numbers in parentheses indicate range in days after hormone dose lowered or hormone withdrawn.
Self-retaining catheters were placed in the uteri of two heifers that were within the first 5 days of their cycles at the beginning of the trial. All heifers received single subcutaneous injections of 100 USP units of oxytocin at the beginning of the hormone
feeding period.
~ One heifer aborted at the 69th day.
i One heifer checked pregnant returned to estrus at 55 days.
j One heifer checked pregnant later returned to estrus.
All 3 heifers in estrus on day 11.

r-

Table 2.

Experiment
and da1;e

1. (1960)

Results of estrous cycle synchronization trials with orally active progestins in beef heifers and cows

Animals used a
and treatments

b
MAP -968 mg per animal per
day for 10 days followed
by 500 mg per day for 10
days. Miture Hereford cows
with calves.

No.

32

No. synchronized

16(3-5)

No. of
"silent"
ovulators

c

Others not
in estrus
during synchronization period

aynchronized animals 1
Pregnant
to first
service
(~)

Pregnant
after two
services
(~)

All animals
Pregnant
to first
service
(~)

1
Pregnant
after two
services
(~)

13

3

31

-

25

-

-

16

-

-

-

-

-

11

-

-

15

25

-.

1

37

63

35

60

-

7e

-

-

33

-

¢

2. (1960)

Enovidb -l87 mg per animal
per day for 30 days. Miture Hereford cows with
calves.

18

3. (1961)

A. Untreated Hereford
heifers •

20

B. MAP-0.4 DIg per lb. for
19 days tOl1owed by
0.05 DIg per lb. for 5
days. Hereford heifers.

20

A. Untreated mature Hereford cows with calves.

15

B. MAP-4oo mg per animal
per day for 10 days and
50 mg per day for an
additional 5 days. ~ture Hereford cows with
calvesf •

35

8(3-7)

10

17

12

-

17g

-

A. MAP-240 mg per animal
per day for 18 days.
Mature crossbred cows;
calves relll9ved.

96

81(2-8)

3

12

65

88

56.5

80hi

B. CAPb '10 mg per animal
per day for 19 days.
Mature crossbred cows;
calves removed.

98

90(3-8 )

4

4

36

70.0

33

70 J

.o

4. (1961)

5. (1963)

2(2_5)d

19(4-7 )

-

e

Table 2.

Experiment
and date

Results of estrous cycle synchronization trials with orally active progestins in beef heifers and cows (Continued)

Animals used
and treatments a

No.

No. synchronized

No. of
"silent"
ovulators

Others not
in estrus
during syrlchroniza-tion period

3,rnchronized animals1
Pregnant
to first
service
(~)

Pregnant
after two
services
( ~)

An animal.s
Pregnant
to first
service
(~)

1

Pregnant
after two
services
( ~)

9

8

41

70.0

34

68k

-

-

7e

-

-

39

70

29

23

4

2

61m

-

6?

-

Treated

425

319

43

63

Controls

130

C. CAP-10 mg per animal
per day and thyroprotein 9 mg per day for
19 days. Mature crossbred cows; calves
removed.

97

D. Untreated mature
crossbred cows; calves
removed.

95

6. 1964

CAP-10 mg per animal per
day for 14 days followed
by 6 mg per day for 4
days. Mature Hereford cows
with calves.

Total

80(3-9)

a All animals were group fed. The progestins were incorporated in amounts of grain equivalent to 3 to 5 lbs. per animal per day.
b MAP = 6-methyl-17-acetoxyprogesterone (The Upjohn Co.). CAP = 6-chloro- d 6-dehydro-17-acetoxyprogesterone (Eli Lilly and Co.).
Enovid = 17-ethynyl-17-hydroxy-estr-5(10)-en-3-one containing 1.5~ 3-methyl ether of ethynyl estradiol (G. D. Searle and Co.).
c Numbers in parentheses represent.range in days after hormone withdrawal except in Experiments 3 and 4 where they represent days
after the dose was lowered.
d Eleven cows came in estrus during the hormone feeding period.
e Not in estrus during the 20-day experimental period.
f Self-retaining catheters were placed in the uteri of 16 of the 35 cows at the beginning of the feeding period.
g Five of 23 cows bred without showing estrus conceived.
h Includes 9 cows not in estrus during the synchronization period that came in estrus and were bred (for the first time) one
cycle later.
i Includes one cow pregnant to insemination after "silent" ovulation on day 5 of the synchronization period.
j Includes 6 cows to which footnote h applies.
k Includes 12 cows to which footnote h applies.
1 All animals were bred artificially except in Experiment 5 in which half were bred artificially and half naturally.
m Based on 30-day nonreturns.

Table 3.

Experiment
and date

1. Fall-1960

....tv

2. Fall-196l

Results of estrous cycle synchronization trials with orally active progestins in sheep

Animals uSedaand
treatments

No. of
ewes

No. synchronized

No.
bred

30-day nonreturns

('to)

Lambing
to first
breeding

( 'to)

Lambing
to first
or second
breeding

Lambing rate
(first breeding only)

('to)

( 'to)

94

-

92

-

C~cli~ western whiteface ewes.

A. Untreated. Bred naturally.

40

B. Untreated. Bred artificially. b

39

C. MAP-60 mg per day for 20
days. Bred naturally.

20

D. MAP-60 mg per ewe per day
for 20 days. Bred artificially.b

20

-

40

58

50 }

39

59

49

l8(2_3)c

18

44

19(2-3)

19

21

16

61 }

C~cli~ western whiteface ewes.

A. Untreated. Bred naturally.

16

-

16

81

75

94

158

B. Untreated. Bred artificially with extended
semen. d

14

-

14

64

43

80

183

C. Untreated. Bred artificially with stored extended semen. e

15

-

15

20

7

87

100

Table 3.

Experiment
and date

2. Fall-1961
(continued)

I-'

W

3. March-1962

4. May-1961

Results of estrous cycle synchronization trials with orally active progestins in sheep

Animals used and
treatments a

No. of
ewes

D. MAP-60 mg per ewe per day
for 20 days. Bred naturally.

15

E. MAP-60 mg per ewe per day
for 20 days. Bred artificial~ with extended
semen. d

15

F. MAP-60 mg per ewe per day
for 20 days. Bred artificially with stored extended semen. e

No. synchronized

No.
bred

30-day nonreturns

(%)

Lambing
to first
breeding

(%)

(Continued)
Lambing
Lambing rate
to first
or second (first breeding only)
breeding

( %)

(%)

13

62

46

77

167

15

40

33

93

100

15

15

13

7

80

200

G. MAP-30 mg per ewe per day
for 16 days. Bred naturally.

15

6

50

50

100

133

H. MAP-30 mg per ewe per day
for 16 days. Bred artificially with fresh extended semen. d

15

15

0

13

80

100

I. MAP-30 mg per ewe per day
for 16 days. Bred artificially with stored extended semen. e

15

i5

7

0

100

-

C~cli~

45

43(2-3)

36(2-4)
45

Dorset ewes

A. Untreated. Bred naturally.

44

-

43

79

77

86

121

B. MAP-60 mg per ewe per day
for 20 days. Bred naturally.

42

34(3-5)

34

80

76

91

129

15

0

0

-

-

-

Anestrous H~shire and
Corriedale ewes
A. Untreated

Table 3.

Experiment
and date

4. May-196l
(continued)

5. May-1962 and
1963

Results of estrous cycle synchronization trials with orally active progestins in sheep

Animals usedaand
treatments

No. of
ewes

B. MAP-60 mg per ewe per day
for 20 days.

15

C. MAP-60 mg per ewe days 1-8
and 15-22; 750 I.U. PMS
days 9-23.f

43

tl'-

33(2-6)

20

B. MAP-50 mg per ewe days 1-8
and 16-23; 750 I.U. PMS
days 9 and 24. Bred naturally.

28

C. MAP-50 mg per ewe days 1-8
and 16-23; 750 I.U. PMS
days 9 and 24. Bred artificially.g

28

56

6. JulyAug.-1962

0

No.
bred

30-day nonreturns

(%)

0

Lambing
to first
or second
breeding

Lambing rate
(first breeding only)

(%)

(%)

-

-

-

Lambing
to first
breeding

(%)

33

-

64

-

157

1

-

0

-

-

19h

-

58

-

155

2lh

-

57

-

158

Anestrous H~shire and
Corriedale ewes
A. Untreated.

......

No. synchronized

(Continued)

0

44(2-6)

Hampshire and Corriedale ewes
A. MAP-60 mg per ewe for 20
days. Bred naturally.

16

13(2-6)

13

62

62

-

138

B. MAP-60 mg per ewe days 1-8;
750 I.U. PMS day 9. Bred
naturally.

16

14(2-6)

14

64

57

-

163

C. 750 I.U. PMS day 1; MAP-60
mg per ewe days 7-14. Bred
naturally.

16

13(2-6)

13

62

69

-

122

D. 750 I.U. PMS days 1 and 15;
MAP-60 mg per ewe days 714. Bred naturally.

17

17(2-8)

17

82

71

-

142

Table 3. Results of estrous cycle synchronization trials with orally active progestins in sheep

Animals usedaand
treatments

ExP"riment
and date

-

7. JulyAug. _1963

8. May-1963

9. Fall-1962

No. of
ewes

No. synchronized

No.
bred

30-day nonreturns
(i)

Lambing
to first
breeding
(i)

(Continued)
Lambing
to first
or second
breeding
(i)

Lambing rate
(first breeding only)
(i)

!l!!!!!Eshire and Corriedale
ewes l
A. Untreated. Bred naturally.

29

-

29

86

83

90

158

B. 750 1. U. PMS days 1 and
15; MAP-60 mg per ewe days
7-14. Bred naturally.

73

63(2-7)

63

67

63

89

143

155

Lactati~

western whiteface

~

A. Untreated.

17

0

0

-

B. MAP-60 mg per ewe 20 days.

17

0

0

-

-

C. 750 1. U. PMS days 1 and
15; MAP-60 mg per ewe days
7-14.

17

13(2-4)

13

85

85

-

A. MAP-60 mg per ewe for 18
days. Bred naturally.

20

19(3-4)

19

53

.-

-

-

B. CAP-O.5 mg per ewe for 18
days. Bred naturally.

30

l6(4_5)i

16

19

-

-

-

C. CAP-l.O mg per ewe for 18
days. Bred naturally.

30

20(4-7)J

20

30

-

-

-

D. CAP-2.0 mg per ewe 18 days.

29

l8(4_7)k

18

44

-

-

-

£lc~

western whiteface

~

Bred naturally.
Total

Treated
Controls

567
249

a All animals were group fed. The progestins were incorporated into an amount of soybean oil meal equivalent to 0.2 lb. per ewe
per day.
b Inseminated intracervically with 0.5 ml fresh semen diluted with physiological saline and containing 50-870xl0 6 motile sperm
per ml.
c Numbers in parentheses indicate range in days after hormone withdrawal.
d Extended in physiological saline to 10 x 107 motile cells per ml; 0.5 ml per insemination.
e Extended in CUE (Foote g!, al., 1960) and stored for 24 hrs.
f All PMS was obtained from Boots Pure Drug Co., Nottingham and was injected SUbcutaneously.
g Extended in physiological saline to contain 30 to 40 X 10 7 motile cells per ml; 0.5 ml per insemination.
h Four synchronized ewes lost; one was sold and one died without pregnancy diagnoses, two stood for teaser rams, but would not
stand for fertile rams later in the day.
i Fifteen ewes came in estrus while on treatment.
J Five ewes came in estrus while on treatment.
k Nineteen ewes came in estrus while on treatment.
1 Treatments effects confounded with ram effects.
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Table 4.
Experiment
and date

1.. (1961)

2. (1962)

3. (1964)

Results of estrous cycle synchronization- studies with oral progestins in swine
No. of
gilts

No. synchronized

No.
bred

Conceived to
first service

Conceived to first
or second service

Litter
size

A. Untreated controls. Bred
artificially .g

11

-

10

(50)h

100

8.7

B. SC-I0363b -O.3 mg per lb.
for 15 days. Bred artiticiall¥.

11

10(2-6)1

10

Oi

100

10.2

C. SC-I0363-O.5 mg per lb.
for 15 days. Bred artificiall¥.

11

11(2-6)

11

27 J

91

7.8

A. Untreated controls. Bred
naturall¥.

11

-

11

82k

100

8.1

B. MEEe -16 mg per gilt for 9
days followed by MAP 0.6
mg per lb. for 9 days.
Bred naturall¥

11

9(3-8)

ge

78k

89

8.9

A. Untreated controls. Bred
naturall¥.

10

-

9

B. MEE-16 mg per gilt for 9
days followed by MAP-O.6
mg per lb. for 9 days.
Bred naturllll¥.

20

14(4-10)

14f

-

-

Animals used 8lld
treatments a

('1»

('1»

Yorkshire Ililts

Yorkshire Ililts

Yorkshire Ililts

-

: All hormones fed in 3 or 4 100. of a typical swine gestation ration fed twice dail¥.
SC-I0363 = orall¥ active progestin (The G. D. Searle Co.).
c MEE = 3 methyl ether of ethynyl estradiol (Eli Lilly 8lld Co.).
d MAP = 6-methyl-17-acetoxyprogesterone (The Upjohn Co.).
e One gilt in estrus on day 8 of MEE feeding; one of the 2 gilts not showing estrus during the synchronization period remained
anestrous for 5 months 8lld was found to hsve large cystic follicles on both ovaries at slaughter.
f One gilt came in estrus on the 5th day of MAP feeding 8lld again 19 days later.
~ Each gilt inseminated with 50 ml of semen diluted in CUE extender to contain 3 billion motile sperm (Foote ~ g., 1960).
Five gilts in each treated group and 4 controls were slaughtered 2-4 days after breeding and ova recovered. The conception data
are based on nonreturns and fertilized ova. Litter sizes are based on the 6 remaining animals in each group.
Four of 5 gilts slaughtered at 2-4 days after breeding had cystic follicles. The remaining one had inactive ovaries.
k One of 5 gilts slaughtered at 2-4 days after breeding had cystic follicles.
1 Based on numbers farrowing.
Numbers in parentheses indicate range in days after hormone withdrawal.
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